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Abstract 
The durability of a material is defined as its ability to withstand environmental deterioration. The ability of a concrete structure is 
to withstand environmental deterioration is important to be investigated in order to enhance the service life of the reinforced 
concrete structure without having to incur unforeseen high cost for maintenance or repair. The quality of the concrete on 
durability aspect has to be evaluated through series of concrete durability experiments before the service life model has taken 
place rather than relies on the conventional prescriptive deemed-to-satisfy approach. Performance-based durability is thus based 
on durability transport properties instead of limiting particular ingredients, proportions or construction operations without 
predicting the service life of structure. In order to fulfill customer satisfaction with lasting and great concrete performance at 
reasonable grade concrete, it is important to conduct various experiments to identify the durability transport properties parameters 
on the earlier stage of construction. The experiments performed in this study are water absorption, volumes of permeable void 
(VPV) and sorptivity. The experiment was investigated using Ready mixed concrete of grades G40, G45 and G50 that has been 
conducted to determine the properties at different concrete zones using 150mm and 100mm for compressive strength test. The 
strength of G50 increases 18% in sealed curing and site cured concrete has 8% strength increments from 28-90 day of age. 
Concrete G40 has the highest water absorption, VPV and sorptivity properties followed by G45 and G50 in all ages of test under 
both curing conditions. Amongst all the different zones, top zone has highest water absorption, VPV and sorptivity followed by 
left and right zone for all grade. Meanwhile, the bottom zone has the lowest water absorption, VPV and sorptivity followed by 
middle and center zone of concrete for all grades. The sealed cured (S1) concrete condition shows relatively lower water 
absorption, VPV and sorptivity than site cured (S2) concrete condition.  
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1.  Introduction 
Ready Mixed concrete is fresh concrete which is composed of cement, natural and artificial aggregate, water and 
chemical additives which is scaled and mixed in concrete centrals or transit mixers and then delivered to the 
customer in a freshly mix (ACI Manual of Concrete, 1994). In Kuching, the Ready Mixed concrete is one of the 
most versatile and popular materials in construction. The total number of registered Ready Mixed concrete 
companies in Kuching area is about 23 companies (Statistical Department, Suruhanjaya Syarikat Malaysia (SSM), 
Feb 2015). It was highly demanded in constructions project due to the ability to customize its properties for different 
applications and its strength and durability to withstand a wide variety of environmental conditions. The durability 
of cement concrete is defined as its ability to resist weathering action, chemical attack, abrasion, or any process of 
deterioration and its ability to perform satisfactorily in the exposure condition to which it is subjected over an 
intended period of time with minimum of maintenance (Nagesh, 2012). It also depends on the movement of water 
and gas that enters and moves through it. Moreover, the permeability of concrete depends on its pores structure 
which is an indicator of concrete ability to transport water more precisely with both mechanism that is controlling 
and transporting of water and gaseous substances into cementitious material (Vyas et al., 2013). 
To determine the durability properties of the concrete, experiments such as water absorption, volume of voids 
(VPV) and sorptivity test for concrete are tested by using local Ready Mixed concrete. The properties of concrete 
are affected by the quality of ingredients, mix proportions, ways of handling and placing the concrete, curing 
conditions and time (age) of the concrete (Mindness et al., 1981). Hence, the objectives of this paper is to investigate 
the durability indicators of different concrete grades made by the local Ready Mixed concrete by studing the water 
absorption, volume of voids (VPV) and the sorptivity capacities to introduce performance-based durability indicator 
before any real structure can be constructed on ground. 
2.  Materials and test methods 
The concrete material was collected from the most popular Ready Mixed concrete company identified from SSM 
record. The mix designs are shown in Table 1 below. Table 2 shows the concrete tube sizes and ages used on the 
tests. The adopted curing conditions are shown in Table 3. The relevant tests methods of BS 7263, ASTM C642-06 
and ASTM C1585-04 are used with modification of test samples as shown in Figure 1 for water absorption, VPV 
and sorptivity tests. 
 
 
 
 
(a) 150mm cube cut vertically into three equal 
pieces prior to test. 
 (Left, Center and Right pieces) 
 
 
 
(b) 150mm cube cut horizontally into three 
equal pieces prior to test. 
 (Top, Middle and Bottom pieces) 
Fig.1. 150mm cube cut vertically and horizontally into three zones. 
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3.  Results and discussion 
3.1. Compressive strength 
The significance of compressive strength test is to measure the maximum resistance of a hardened concrete 
specimen to axial loading in order to verify the strength of structure as per requested by the owner. The result 
obtained from this test is the average result from three compression strength test for each grade G40, G45 and G50 
with curing condition (S1 and S2) on different ages (28, 56 and 90 days).  
The compressive strength was the lowest at 28 days on S2 curing condition and the highest was on 90 days with 
S1 curing condition for all concrete grades. The result obtain based on the ages shows that the strength increased as 
the age increased (Magudeaswaran et al., 2013) and the strength was rapidly increasing during casting up to 28 days 
and then became slow after it reached 28 days because when the cement is mixed with water, its constituent 
compounds undergo a series of chemical reactions that are responsible for the hardening of the specimen. Then, the 
strength based on curing condition S1 was higher than curing condition S2. 
Based on the factors of water/cement ratio, the compressive strength decreases with the increase in water/cement 
ratio, the porosity will also increase and it indicates more VPV as the main factor in contributing to high water 
absorption and sorptivity. The increase in the content of water in water/cement ratio causes reduction effect on the 
compression of the strength of the concrete mixes (Alawode et al., 2011) and the result proved that the lower 
water/cement ratio has higher compression strength than higher water/cement ratio. Hence, it is important to conduct 
various experiments to identify the durability transport properties parameters on the earlier stage of construction 
instead of adopting the grade of concrete as well as in conventional prescriptive deemed-to-satisfy approach. The 
durability of hardened concrete increases with the decreasing of porosity, than the cost for construction and 
maintenance were able to reduce significantly. 
3.2. Water absorption test 
Water absorption is defined as the transport of liquid in porous solids due to surface tension by the capillaries 
(Khatib et al., 1995) where the capillary absorption is the primary transport mechanism for the water in concrete 
structures. It is important to identify the water absorption of concrete to understand the durability properties of the 
concrete. Based on the concrete grade evaluated, most of the water absorption value decreases as the grade of 
specimen increases. However, there is only a little difference between G45 and G50 for the centre and middle zones, 
as shown in Figure 2 (a) and (b). Thus, the increase in the grade of concrete does not guarantee the reduced amount 
of capillary pores, the durability of the concrete more durable as well as the high expenditure for higher grade 
concrete. 
 
(a) (b) 
Fig. 2. Water absorption values of different concrete zones for G40, G45 and G50 concretes at 28, 56 and 90 days. 
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3.3. Volume of permeable voids (VPV) 
Volume of voids (VPV) is defined as the volume of capillary voids that occupied the concrete and the purpose of 
VPV test is to estimate the volume of permeable pore space in a hardened concrete’s density in different states such 
a dry , saturated and saturated-boiled oven.  The VPV result is directly proportional to the water absorption result 
whereas the water absorption increases as permeable voids increases (Dinakar et al., 2008). Based on the concrete 
grade evaluated, most of the VPV values agree theoretically by decreases as the grade of specimen increases. 
However, at bulk concrete zone Figure 3 shows that VPV is not consistent with concrete grade. Figure 3 (a) 
shows that the VPV for G45 is slightly higher than G40 for centre zone at 90 days curing age. Meanwhile, Figure 3 
(b) shows that the VPV for G45 is almost similar to G40 for centre zone at all curing ages. Thus, the increasing 
grade of concrete does not guarantee the increasing durability of hardened concrete as well as extending the service 
life of structure. Decreasing the service life of concrete structure had to incur unforeseen high cost for maintenance 
or repair to the owner. 
 
(a) (b) 
Fig. 3. VPV values of different concrete zones for G40, G45 and G50 concretes at 28, 56 and 90 days. 
 
(a) (b) 
Fig. 4. Sorptivity values for G40, G45 and G50 concretes at 28, 56 and 90 days. 
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3.4. Sorptivity 
Sorptivity is defined as the rate of movement of water on the surface through the concrete under the action of 
capillary force. Sorptivity test is to determine the rate of water penetrating into the concrete due to capillary action 
(Mannan et al., 2013). The principle of the method is that one of the concrete specimen surfaces is in contact with 
water while the others are sealed (Bentz et al., 2001). All results at interface cover show that the rate of capillary rise 
of the concrete decreases as the grade of the concrete increases due to the decreasing of water/cement ratio. As the 
age and degree of hydration of the specimen increases, the sorptivity as well as the porosity will decrease. The 
porosity and permeability of the specimen decreases with time as the progressive replacement of hydration filled the 
water space in the specimen (Mehta, 1991). However, at the middle zone the sorptivity was not agreed with the 
grade of concrete as shown in Figure 4 (a) and (b). In which, G45 and G40 almost have similar results of sorptivity 
in all curing ages and cure environment conditions. Therefore, decreasing the porosity will be able to improve the 
ability of hardened concrete to withstand environmental deterioration as well as enhance the safety of concrete 
reinforced structures. 
Table 1.  Concrete mix proportions design. 
Grade of 
concrete 
Cement 
(kg/m3) 
Fine Aggregate 
(kg/m3) 
Coarse Aggregate 
(kg/m3) 
Water/cement 
ratio 
Slump (mm) 
G40 400 660 1168 0.4 120 
G45 460 540 1150 0.38 110 
G50 422 621 1284 0.35 100 
Table 2. The Concrete cube size and age on test. 
Grade of concrete 
Test cube size (mm) 
Age on test (days) 
 
Compression 
strength 
Water absorption Volume of 
permeable voids 
Sorptivity 
G40 100 150 150 150 
28, 56 and 90 G45 100 150 150 150 
G50 100 150 150 150 
Table 3. Adopted curing conditions. 
Type of curing Curing symbol 
Duration of curing with place (days) 
Mould Exposed to weather 
Site curing 1 S1 1 27, 55 and 89 
Site curing 2 S2 1 27, 55 and 89 
4. Conclusions 
Based on the experimental work on the short-term study, it can be concluded that the percentage of water 
absorption increases with the decrease of the concrete grade in the aspect of age and curing condition for all external 
zones (top, left and right zones); in which the highest value recorded is 7.12% on the top zone of G40 that undergoes 
S2 curing condition up to 28 days, and the lowest value is 3.59% at the bottom zone of G50 that undergoes S1 
curing condition up to the age of 90 days. Similar to VPV, the highest percentage recorded is G40 based on age and 
curing conditions followed by G45 and G50. The highest recorded on the top zone of G40 is 13.50% at 28 days and 
the lowest VPV recorded is 6.17% on the bottom zone of G50 at 90 days. Besides, the result of sorptivity test shows 
that Grade G40 has higher rate movement of water on the surface as well as higher water/cement ratio as compared 
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to others. The highest sorptivity recorded is 0.123 g/mm2 /t on the left zone of G40 at 28 days, while the lowest is 
0.038 g/mm2 /t on the bottom zone at 90 days of G50. Curing condition S1 shows relatively lower water 
absorption, VPV and sorptivity as compare to curing condition S2 in the aspect of curing duration. Finally, all the 
experiments conducted are highly affected by porosity as durability transport parameter indicators for performance-
based specification in order to make an offer to the owner with reasonable cost at possible high safety and long life 
service. 
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